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Comparison  of  8  to  1 2  Micrometer  and 
3  to  5  Micrometer  CVF  Transmissometer 
Data  With  LOWTRAN  Calculations 


1.  INTRODUCTION 

This  report  represents  a  joint  effort  by  the  Air  Force  Wright  Aeronautical 
Laboratories  (AFWAL),  Wright-Patterson  AFB,  Ohio,  and  the  Air  Force  Geo¬ 
physics  Laboratory  (AFGL),  Hanscom  AFB,  Mass. ,  to  present  and  analyze  a 
series  of  atmospheric  transmittance  measurements  taken  in  the  summer  of  1981. 
The  data  consists  of  preliminary  atmospheric  transmittance  measurements  in  the 
8-  to  12 -pm  and  the  3-  to  5 -pm  regions  taken  at  Wright-Patterson  AFB  over  both 
an  8-km  and  a  2. 25-km  path.  A  Memorandum  of  Agreement  existed  between  the 
two  laboratories  to  exchange  measurements  and  models  of  atmosphere  effects  on 
optical  sensors.  As  part  of  this  agreement,  these  measurements  were  compared 
with  the  latest  low -resolution  atmospheric  transmittance  model,  LOWTRAN  6.  ^ 
Section  2  of  this  report  describes  the  facilities  and  measurements  observed,  and 
Section  3  contains  the  analysis  of  the  data. 

It  should  be  emphasized  at  the  beginning  that  these  measurements  were  a 
preliminary  effort  designed  mainly  to  test  the  system.  Many  of  the  system  com¬ 
ponents,  (for  example,  visible  transmissometer,  particle  size  counters,  and 

(Received  for  publication  26  June  1984) 

1.  Kneizys,  F.X.,  Shettle,  E.P.,  Gallery,  W.O.  ,  Chetwynd,  Jr.,  J.  H.  , 

Abreu,  L.  W.,  Selby,  J.E.A.,  Clough,  S.A.,  and  Fenn,  R.W.  (1983) 
Atmospheric  Transmittance/Radiance:  Computer  Code  LOWTRAN  6 , 
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meteorological  sensors)  were  not  operational  at  the  time.  Therefore,  the  con¬ 
clusions  based  on  the  data  are  tentative.  Future  measurements  with  all  sensors 
operational  are  planned  that  will  provide  transmittance  measurements  with  a  much 
more  accurate  characterization  of  the  atmosphere.  However,  we  feel  that  these 
preliminary  measurements  are  significant  enough  to  be  of  interest  to  the  scientific 
community  and  to  electro-optical  system  designers. 


2.  DKSCRIPTION  OF  THK  FACILITIKS  AND  THE  MEASLREMENTS 

2.1  Introduction 

The  Targeting  Systems  Characterization  Facility  (TSCF)  has  been  established 
at  AFWAL/AARI,  Wright-Patterson  AFB,  Ohio  to  meet  the  Air  Force  needs  for 
improved  methods  to  predict  weather  and  associated  environmental  effects  that 
could  impact  the  employment  of  tactical  electro-optical  systems.  Of  particular 
concern  are  those  sys'ems  that  use  TV,  infrared,  and  millimeter  wave  sensors. 

There  are  three  major  components  of  the  TSCF:  the  sensor  platform,  the 
target  complexes,  and  an  array  of  meteorological  instruments  along  the  optical 
path  from  the  sensor  platform  to  the  target  area.  The  facility  was  designed  to 
quantitatively  relate  the  performance  of  targeting  systems  with  the  natural  environ' 
ment  in  which  they  will  be  required  to  operate. 

The  sensor  platform  is  located  in  the  upper  floors  and  atop  the  Wright-Patter¬ 
son  AFB,  Area  B,  Building  620,  Twin  Towers.  This  platform  can  house  sensors 
in  various  stages  of  development,  permits  side-by-side  comparisons,  and  pro¬ 
vides  several  operator  positions  for  human  factors  experimentation. 

Located  8-km  east  of  Building  620  is  the  Trebein  Reservation.  -Also,  2.25- 
km  west  of  Building  620,  a  mobile  targeting  complex  has  been  established  to 
support  this  effort.  At  both  complexes,  a  variety  of  manmade  targets  including  a 
large  area  target,  mobile  thermal  target,  impulse  function  targets  (visual,  near 
infrared,  and  infrared),  bai'  targets,  and  military  veliicles  can  be  deployed. 

Instrumentation  gathers  meteorological  data  atop  Building  620,  atop  a  130  ft 
tower  at  the  mid-point  between  Building  620  and  Trebein,  and  at  Trebein.  Mea¬ 
surements  include  tempeiature,  dewpoint,  windspeed  and  direction,  barometi'ic 
pressure,  rainfall  amount,  particle  size  distribution,  forward  and  integrated 
scatter,  and  all-sky  ladiation.  A  mobile  tneteorological  facility  can  also  be  used 
to  support  sensor  evaluation  experimentation  over  paths  other  than  the  fixed  8-km 
path.  The  meteorological  instrumentation  duplicates  that  found  at  the  three  fixed 
sites  and  is  primarily  used  to  support  efforts  at  the  2.25-km  complex. 
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Transmission  in  the  infrared,  for  narrow  wavelength  bands,  can  also  be 
measured  over  either  the  8-  or  2.25-km  paths.  The  transmissometer  source  is 
located  atop  Building  620  and  the  receiver  can  be  positioned  at  either  the  8-  or 
2.25-km  target  complex. 

Signal  processing  and  recording  of  the  meteorological  data  begins  with  the 
microprocessor  at  each  instrument  site  including  the  mobQe  data  pole.  The 
microprocessor  allows  variable  sampling  rates  and  various  sampling  techniques. 

It  samples  and  digitizes  the  output  from  the  instruments.  The  information  is 
sent  via  telephone  or  direct  line  to  Building  622,  Area  B,  for  recording  and 
storage.  Building  622  houses  the  computer  support  function,  where  data  collec¬ 
tion,  processing,  and  storage  is  accomplished  utilizing  HP  2112A  and  HP  2113A 
minicomputer  systems.  The  computer  capability  also  supports  the  atmospheric 
effects  measurement  program  and  laboratory  sensor  evaluation,  providing  real- 
lime  analog-to-digital  conversion  of  video  data  with  on-line  computation  of  per¬ 
formance  parameters.  A  dedicated  HP  2117A  minicomputer  is  interfaced  to  the 
central  computer  net  for  expanded  computation  and  storage  capability.  The  trans¬ 
missometer  data  is  recorded  on  a  strip  chart  recorder.  The  data  is  then  entered 
into  a  computer  data  base  using  programs  developed  for  this  purpose  and  for 

1  £ 

comparison  of  the  transmissometer  data  on  a  day-to-day  basis  using  LOWTRAN  ' 
predictions.  Concurrent  meteorological  data  are  used  as  input. 

2.2  Transmissometer  Design 

Because  of  problems  encountered  with  commercial  transmissometers,  the 
Air  Force  Avionics  Laboratory  embarked  upon  an  effort  to  design  and  build  a 
multiband  transmissometer  unit  that  eliminated  the  problems  encountered  with 
these  c:ommercial  units. 

The  optical  schematic  of  the  receiver  unit  is  shown  in  Figure  1.  An  off-axis 
parabolic  mirror  with  an  8  in.  unobstructed  diameter  and  25  in.  focal  length  is 
used  to  collect  the  collimated  source  energy.  The  energy  is  spectrally  split  by 
two  dichroic  beamsplitters.  The  first  dichroic  reflects  the  visible  radiation  and 
transmits  the  infrared  radiation;  the  second  reflects  the  3-  to  5-pm  radiation  and 
transmits  the  8-  to  14-pm  radiation.  Each  channel  has  an  appropriate  circular 
variable  filter  (CVF)  immediately  in  front  of  its  detector.  The  detectors  are  Si, 
InSb,  and  HgCdTe  for  the  visible,  3-  to  S-nm  and  8-  to  14-pm  channels  of  the 
transmissometer.  Each  dichroic  beamsplitter  has  a  minimum  transmission 


2.  Kneizys,  F.X.,  Shettle,  E.P.,  Gallery,  W.O.  ,  Chetwynd,  Jr.,  J.H.,  Abreu, 
L.W.,  Selby,  J.E.A.,  Fenn,  R.W.,  and  McClatchey,  R.A.  (1980)  Atmo¬ 
spheric  Transmittance /Radiance:  Computer  Code  LOWTRAN  5,  AFGL-TR- 
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Figure  1.  Optieal  Schematic  of  Transmissometer  Receiver 


atul/or  reflection  value,  as  the  case  may  be,  in  excess  of  80  percent.  They  are 
multilayer  coatings  made  by  Optical  Coating  Laboratories,  Inc.  ,  specifically  for 
thi.s  application.  The  3-  to  5-pm  CVF  has  a  2  percent  wavelength  half -bandwidth, 
anrl  the  8-  to  14 -pm  CVF  has  a  6  percent  wavelength  half -bandwidth.  However, 
bciause  a  finite  area  of  each  CVF  is  illuminated,  an  additional  0.025-pm  band¬ 
width  present  for  the  3-  to  a-pm  channel,  and  an  additional  0.27-pm  bandwidth 
is  present  in  the  8-  to  14 -pm  channel.  This  translates  to  a  BO-  to  90-wavenumber 
half-bandwidth  for  tiie  3-  to  .B-pm  data  and  flO-  to  115-wavenumber  .lalf-bandwidth 
for  the  8-  to  14 -pm  data. 

Tlu'  visii)le  blur  cii-cle  of  tlie  parabolic  mirror  is  very  nearly  diffraction 
limiti'd  in  size  (less  than  0.  05  mm  in  diametei-)  at  best  focus.  This  is  an  order 
of  magnitude  smaller  than  the  smallest  detector  in  the  system.  Therefore,  the 
spot  image  should  lemain  on  tlie  detectors  if  turbulence  induced  beam  wander 
CM  c  ur.s  during  measurement. 

\\ dial  is  a'  compli.shed  with  this  new  receiver  design  is  a  threefold  increase  in 
tile  amount  of  energy  coiU  c  ted,  and  improved  accuracy  due  to  the  small  spot  size 
and  l  onsepu  -nt  flat  field-of-view.  Since  the  energy  is  focused  down  to  a  small 
.spot  on  the  detio  tors,  th"  ai  ■  uracy  of  measurement  depends  on  the  responsivity- 
unifonmty  of  eac  h  detector  surface.  In  the  case  of  Si  and  InSb,  there  was  no 
problem,  f- a  h  detector  was  measured  and  found  to  be  uniform  to  at  least  ±  2  per- 
'  ent.  -And,  because  of  the  unobstructed  nature  of  the  receiver  optics,  it  is 
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Figure  11.  Sample  Transmittance  Meas¬ 
urements  (+)  and  Calculated  LOWTRAN  5 
Transmittance  Without  Aerosols  (— )  Under 
Conditions  of  High  Humidity  and  Low  Vis¬ 
ibility,  8-  to  14-um  Region  (28  May  81, 
13;>GZ,  8-km  Path) 


LOW  TH.AN  fi,  and  in  particular,  the  new  water  vapor  continuum  model.  The 
results  of  that  analysis  are  presented  here. 

I’he  data  consists  of  the  CVF'  transmissometer  data  in  the  3-  to  b-txm  and  8- 
to  12-Mm  ranges  far  both  the  8-km  and  2.25-km  paths.  Examples  of  these  mttas- 
urements  are  shown  in  Figures  9  and  10.  In  addition,  simultaneous  measurements 
t(  nip'.’rature  and  dewpoint  were  taken  at  thi'  top  of  Building  620.  No  detailed 
rr casurern  nts  of  aerosol  properties  are  available.  However,  there  are  observer 
csti.matcs  of  m' 'teo’-ological  range.  A  complete  list  of  the  CVF  transmissometer 
dat.a,  tempr-rature,  dewpoint  m',-a,surem onts .  and  the  estimated  value  of  the  meteo- 
rologii  ul  range  (VIS),  are  included  in  .\ppendix  A.  The  observer's  comments  are 
m*  ludcd  ICS  \ppi.'n(lix  Fi. 


3.2  MetFiiMl  of  Analyni!* 

1  2 

The  goal  of  thi.s  analysi.s  is  to  validate  the  LOWTRAN  '  transmittance  model 
in  *he  3  ■  to  12-Mm  and  3-  to  b-um  windows.  In  these  spectral  regions,  the  trans- 
niittane.  is  priinarily  determine  1  by  absori7tion  o,'’  the  water  vapor  continuum  and 


channel  appeared  to  have  the  same  signal  level  stability  obtainable  with  the  3-  to 
5-,uin  channel.  However,  because  of  the  numerous  adjustments  implemented 
during  the  final  stages  of  laboratory  ehecki'ut  anfl  calibiation,  anothei'  goal  of 
this  test  series  was  to  determine  the  long-term  stabiliiy  of  the  P-  to  H-^m  de¬ 
tector  electronics.  Therefore,  although  the  meteorological  support  was  not 
optimum  for  a  detailed  mjdel  verification  effort,  the  measurement  program  was 
undertaken  to  quantify  some  of  the  performaii  'e  parameters  of  the  transmisso- 
meter. 

The  initial  measurements  were  recorded  under  good  visibility  and  low  abso¬ 
lute  humidity  conditions.  Although  the  8-  to  14-;<m  signals  were  significantly 
lower  in  signal-to-noise  ratio  than  the  3-  to  h-um  signals,  it  was  possible  to 
record  the  output  voltage  of  the  lock-in-amplifier  and  reliably  repeat  these  meas¬ 
urements  under  stable  meteorological  conditions.  The  3-  to  5-/um  and  8-  to  14-/im 
measurments  were  then  compared  with  LOVVTRAN  5  predictions,  using  the  avail¬ 
able  meteorological  data.  The  measured  values  of  transmission  under  these  con¬ 
ditions  c  ompared  reasonably  well  with  the  model  predictions,  such  as  the  examples 
shown  in  Figures  ^  and  10.  However,  somewhat  later  in  the  test  period,  meas¬ 
urements  were  recorded  on  days  that  visibility  was  observer  estimated  as  poor 
to  fair,  and  the  relative  and  absolute  humidity  was  high.  When  these  measure¬ 
ments  were  compared  to  LOW  TRAN  n  predictions,  it  was  observed  that  the  meas¬ 
ured  8-  to  14-,u.-n  transmission  significantly  exceeded  the  predicted  model  predic¬ 
tions  even  when  aerosol  extinction  was  excluded  as  model  inputs.  Examples  of 
some  of  these  measure.nents  over  the  8-km  path  are  shown  in  Figures  11  and  12. 

Since  these  co  nputer  model-to-measurements  comparisons  are  dependent  on 
the  accuracy  of  the  transm issorneter  mei.suremtmt  and  on  the  accuracy  of  the 
TSCF  meteorological  instrumentation,  an  effort  was  undertaken  during  this  meas¬ 
urement  period  to  qj.ihfy  the  temperature-dewpoint  recordings.  This  investiga- 
'ion  showed  that  the  temperature-dewpoint  outputs  •  ontained  ±  0.75  degrees  C  of 
noise. 

3.  \N  OK  TIIK.  l)\T\ 

3.1  lnlr<Hliiv(i«n 

.•\s  part  of  the  Mem  arandum  jf  Agi  -cmcnt  between  AFWAL/AARI  and  AFGL/ 
OPI,  ".Atmospheric  ITfects  Measurement  and  Modeling",  .AFWAL  supplied  AFGL 
with  the  preliminary  transm  issorneter  data  taken  b  tween  7  May  and  17  .August 
1031  for  ana'ysi.s.  .AFGL/GPI  and  OP.A  have  analyzed  this  data  with  the  goal  of 
\’a'.idating  the  latest  version  of  the  atmospheric  transmittan'-e 'ra  ii..\  le  mode', 

2. 3 


Table  3.  Transmittance  Values  Over  the  8-km  Path  at  Selected  Filter  Positions, 
With  and  Without  Broadband  Filters 


Wavelength 

Measured 
W  ithout 
Filter 

Measured  With 
Black  Filter 

Measured 

With 

Aluminum 

Filter 

Calculated 
Black  Filter 

Calculated 

Aluminum 

Filter 

8.  74-/am 

0.  655 

0.  070 

0.  063 

0.  082 

0.  069 

9.  62  -pm 

0.  670 

0.  077 

0.  067 

0.  084 

0.  069 

10.  62  -pm 

0.  735 

0.  082 

_ 

0.  070 

0.  087 

0.  074 

to  the  nearness  of  this  wavelength  to  the  edge  of  an  atmospheric  transmission 
band,  and  therefore  susceptible  to  larger  calibration  and  measurement  errors. 

2.  .3  Measurements 

The  3-  to  5-pm  and  8-  to  14-/jm  channels  of  the  transmissometer  were  cali¬ 
brated  on  a  May  1981,  and  the  receiver  unit  was  installed  at  the  8-km  Trebein 
site.  Narrow  band  transmission  measurements  were  recorded  periodically 
between  7  May  and  24  June  1981.  The  unit  was  recalibrated  on  30  June  1931  and 
then  installed  at  the  2.25-km  site.  A  series  of  measurements  were  recorded 
periodically  between  22  July  and  17  August  1981.  During  these  data  collection 
periods,  the  meteorological  stations  of  the  TSCF  were  being  modified  in  order  to 
initiate  operation  of  meteorological  support  at  the  2.  25-km  site.  To  accomplish 
this  goal,  it  was  necessary  to  terminate  operation  of  the  4-km  and  Trebein 
meteorological  stations,  Therefoie,  during  the  8-km  test  period,  only  the 
meteorological  station  at  the  transmissometer  source  site  was  operational. 
Occasional  support  was  supplied  by  the  2.2.')-km  station,  which  is  in  the  opposite 
direction  from  the  8-km  path.  Also,  the  forwai-d  scatter  meters  were  i-ernoved 
from  the  rSt'F  for  re  calibration;  and,  therefore,  the  visibility  had  to  be  observer 
I'Stimated. 

The  intent  of  this  test  series,  however,  was  to  determine  the  feasibility  of 
i  i  liably  oljtaining  8-  to  14-eim  nai-row  band  transmission  measurements  over  an 
8-km  path.  .Although  reliable  8-  to  ')-u,ii  nati'o.v  band  transmission  mensure- 
m  nt.s  had  r  i  n  s  .i.  ces.sfully  obtained  over  this  distance,  the  100  to  1  differ  .mf  in 
tile  p-t  amp  outputs  lietween  tlie  .8-  to  A-um  and  8-  to  11 -urn  channels  resulted  in 
signals  for  the  B-  to  Id-nm  cliaiiiu  l  wliiih  were  significantly  lower  in  signal-to- 
Moisc  11*10  It  was  <]'|e.«tionable  wlu  ther  there  would  b'c  <  nough  .signal  to  use  the 
io  k -in-am plifie r  i  Icctronies  .at  this  rang*  .  l-.x.  ep*  for  the  inh'  rent  8  pereent 

di'op  in  signal  lev*  1  noted  during  the  labo’rit.iry  ev.iluation,  tlie  8-  to  14 -pm 


•J  •> 


Table  2.  Transmittance  Values  in  the  Lab  at  Selected  Filter  Positions  With  and 
Without  Broadband  Filters 


1 -  - 1 

No  Filter 

Black  Filter 

Aluminum  Filter 

Pinhole 

Diameter 

Preamp 

Voltage 

Preamp 

Voltage 

Transmission  % 

Preamp 

Voltage 

Transmission  % 

CVF  Filter  Position  #23  (8.74-pm) 

0.  02  56  in. 

93.0  mv 

11.6  mv 

12.  57o 

9.  86  mv 

10.  6% 

0.  0140  in. 

27.4  mv 

3.46  mv 

12.6% 

2 . 93  mv 

10.  7% 

0.  0081  in. 

9.  00  mv 

1.  14  mv 

12.7% 

0.  962  mv 

10.7% 

0.  0048  in. 

2 .  86  mv 

0.  362  mv 

12.7% 

0.  306  mv 

10.7% 

CVF  Filter  Position  #39  (9.  62 

-Mm) 

0.  025f;  in. 

85,  6  mv 

10.  8  mv 

12.  6% 

9.  12  mv 

10.  7% 

0.  0140  in. 

2  5.2  mv 

3.  19  mv 

12.7% 

2.71  mv 

10.  8% 

0.  0081  in. 

8.  24  mv 

1.05  mv 

12.7% 

0.  886  mv 

10.  8% 

0.  0048  in. 

2.61  mv 

0.  332  mv 

1 

12.7% 

0.2  81  mv 

10.  8% 

CVF  Filter  Position  #57  (10.62-pm) 

0.02.56  in. 

- 1 

7  f),  8  mv 

8.  96  mv 

11.8% 

7 .  58  mv 

10.  0% 

0.  0140  in. 

22.3  mv 

2 , 66  mv 

11.9% 

2.25  mv 

10.  1% 

0.  0081  in. 

7.27  mv 

0.  871  mv 

12.0% 

0.  736  mv 

10.  1% 

0.  0048  in. 

2.29  mv 

0.  276  mv 

12.  1% 

0.  232  mv 

10.  1% 

filters  were  then  used  in  a  field  experiment  to  quantify  the  measurement  accuracy 
of  r  over  the  8-km  range.  The  transmissometer  receiver  was  set  up  at  the 
Trebein  site  and  the  transmission  was  measured  at  the  same  CVF  positions  that 
were  calibrated  in  the  laboratory.  Fach  filter  was  then  inserted  into  the  collima¬ 
tor  source  optics,  and  the  transmission  of  the  combined  effect,  broadband  filter 
plus  ritmospheric  transmission,  was  measured.  These  results  are  shown  in 
Table  .1  C  omparing  these  measured  values  with  the  values  we  should  have  meas¬ 
ured  show  a  m.aximum  error  of  fi  percent  of  t  at  10.  62  /um,  9  percent  of  t  at 
'■  <•'!  run,  and  16  percent  of  t  at  8.74  r<m.  The  largest  errors  were  obtained  when 
u.sing  the  black  filtei'  and  could  possibly  be  explained  by  a  nonuniformity  over  the 
filter  .surface.  In  the  laboratory  calibration  of  these  filters,  much  more  of  the 
.surfai  e  area  o*'  the  filter  is  "seen"  by  the  detector  than  during  field  measurements. 
rh(  large!'  c  i  ror  for  both  filtei  s  at  the  8.74-Mm  position  is  probably  attributable 
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Figure  9.  Sample  Transmittance  Meas¬ 
urement  (+)  and  LXDWTRAN  5  Calculation 
(— )  vs  Wavelength  in  the  3-  to  5-/um 
Region  (IP  May  81,  14162,  8-km  Path) 
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F'’igure  10.  Sample  Transmittance  Meas¬ 
urement  (+)  and  LOWTRAN  5  Calculation 
(— )  vs  Wavelength  in  the  3-  to  5 -pm 
Region  (19  May  81,  1346Z,  8-km  Path) 
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Table  1.  Example  of  the  Preamp  and  Postamp  Outputs  of  a  Calibration 


1  - — -  "  1 

ds 

.  2 

Jrd  s 

4 

Preamp 

Output 

Postamp’'^ 
Output  (V^) 

(in.) 

(cm^) 

_ 

(mv) 

(mv) 

_ 

9.7-fim  Position  of  8  to  12  CVF 

0. 0256 

3. 339  X  lO'^ 

315.2 

1431.0 

4.286  X  10^ 

0. 0140 

1.  003  X  10“^ 

93.  8 

417.  5 

4.  16 

o 

X 

0. 0081 

3.300  X  lO"^ 

30.  9 

138.  4 

4.  19 

X  10^ 

0. 0048 

1.  167  >  lO"'* 

9.76 

44.  85 

3.  84 

X  10® 

0. 0046 

1.  072  X  lo"^ 

9.76 

44.  85 

4.  18 

X  10® 

4. 6 -pm 

Position  of  3  to  5  CVF 

0. 0256 

3.  339  y  10‘^ 

0.  0140 

1.  003  ■  lO'^ 

12875 

0. 0081 

3.  300  '  lO"^ 

4331 

433.  0 

1.  31 

X  10® 

0. 0048 

1. 167  >  lO'^ 

1403 

140.2 

1.  20 

X  10® 

0. 0046 

1 

o 

o 

1403 

140.2 

1.  31 

CO 

O 

X 

■  Postamp  Output  Attenuated  by  a  Factor  of  37.  9 


During  discussions  between  AFWAL/AARI  and  AFGL/OP  concerning  the  verifi* 
cation  of  linearity,  and  therefore  quantitatively  determining  the  measurement  accu¬ 
racy  of  low  transmissions  obtained  over  an  8-km  range,  it  was  suggested  by  AFGL/ 
OP  that  the  problem  could  possibly  be  solved  utilizing  a  neutral  density  or  broad¬ 
band  filter  of  known  transmittance.  Two  such  filters  existed  at  AFGL/OP  and  were 
loaned  to  AFWAL/AARI.  A  series  of  measurements  were  made  using  each  pinhole 
without  the  broadband  filter.  Then,  the  filters  were  inserted  into  the  collimator 
source  optics  between  the  primary  mirror  and  the  aperture  wheel  pinholes.  Mea¬ 
surements  were  tnade  at  three  CVF  positions  corresponding  to  wavelengths  cen- 
tererl  at  8.  74,  9.  r,2 ,  and  10.  62 -^m.  The  transmission  values  for  these  broadband 
filtei-s  using  fiifferent  pinholes  of  the  collimator  source  are  shown  in  Table  2.  The 
results  ai  e  in  exi  ellent  agreement  and  demonstrate  that  the  detector-electronics 
;i  1  (  linear  over  a  dynamic  range,  equivalent  to  the  range  encountered  between 
'  ahhration  and  thi  m easurem -  nt  of  low  transmissions  over  an  8-km  range  These 
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Figure  8.  Comparison  of  Two  Calibration 
Runs  Taken  4.5  Days  Apart,  8-  to  14 -^m 
Region 


Several  schemes  were  devised  in  an  attempt  to  verify  the  linearity  of  the 
detector  electronics  over  the  dynamic  range  of  voltages  between  calibration  and 
the  measurement  of  t  over  an  8-km  range.  Measurements  were  made  using  the 
smaller  pinholes  that  are  part  of  the  collimator  aperture  wheel,  but  the  results 
obtained  were  always  significantly  less  than  the  calibration  values  obtained  with 
the  larger  pinholes.  However,  these  smaller  pinholes,  which  are  64  and  12  1  lim 
in  diameter,  approach  the  wavelength  of  IR  radiation.  When  this  occurs,  the  geo¬ 
metric  optics  approach  to  the  calibration  scheme  is  no  longer  valid  since  a  signif¬ 
icant  amount  of  energy  irradiating  these  small  apertures  is  diffracted  out  of  the 
f/3  cone  of  the  collimatoi'  source  optics.  An  attempt  was  also  made  to  check 
linearity  using  a  combination  of  large  aperture  wheel  pinholes,  and  then  stopping 
down  the  i-eceiver  optics  using  a  series  of  smaller  calibrated  apertures.  However 
since  the  8-  to  14 -um  detector  assembly  contains  a  field  lens  that  images  the 
receivei-  optics  pupil  onto  the  nonunifoi-m  HgC  dTe  detector,  a  change  in  the 
receiver  optics  pupil  size  results  in  an  unpredictable  change  in  the  detector  output 
The  demagnified  image  on  the  detector  illuminates  a  smaller  area  of  the  detector 
chip;  and  be(  ause  of  the  detector's  nonuniform  responsivity ,  the  outputs  are  not 
pi'oportional  to  the  receiver  pupil  sizes. 
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Figure  6.  Comparison  of  Two  Calibration 
Runs  Taken  45  Days  Apart,  3-  to  5 -pm 
Region 
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Figure  7.  Comparison  of  Two  Calibration 
Huns  Taken  45  Days  Apart,  8-  to  14 -pm 


measurement  of  transmission  because  the  InSb  detector  response  is  uniform. 
However,  because  of  the  field  lens  in  the  HgCdTe  detector  assembly  used  for  8-  to 
14-ium  transmission  measurements,  the  limiting  aperture  inserted  for  calibration 
must  i-emain  in  place  during  the  measurement  of  transmission.  Since  3-  to  S-^m 
and  8-  to  14 -pm  measurements  are  usually  made  simultaneously,  this  limiting 


aperture  is  now  a  permanent  part  of  the  receiver  optics  and  in  Eq.  (6). 


Therefore, 


2  2 

Trd  R  V 
s  r 


4f^A  V 

c  c 


(7) 


To  calibrate,  a  series  of  readings  at  each  CVF  position  are  recorded  using 

several  different  pinhole  apertures  of  diameter,  d  ,  at  the  focus  of  the  source 

°  2 

collimator.  The  properly  normalized  voltage  readings,  V^/d^  /4,  are  averaged, 
and  correspond  to  values  that  are  proportional  to  the  radiant  intensity  of  the  colli¬ 
mator  source  at  that  CVF  position.  An  example  of  the  3-  to  5-|<m  and  8-  to  14-^m 
calibrations  are  shown  in  Figures  4  and  5.  A  comparison  of  two  calibrations  taken 
45  days  apart  are  shown  in  Figures  6,  7,  and  8.  Figures  7  and  8  are  calibration 
comparisons  for  two  different  CVF  filters.  The  calibrations  are  repeatable  to  a 
precision  of  ±  1  percent  within  the  major  IR  transmission  bands  in  the  atmosphere. 
The  error  increases  significantly  at  the  edges  of  the  transmission  bands,  and  may 
be  attributed  to  changes  in  the  laboratory  environment  during  each  calibration  and 
slight  differences  in  the  seating  position  of  the  CVF  filter  from  run  to  run. 

An  example  of  the  preamp  and  postamp  outputs  of  a  calibration  are  shown  in 

/  2  , 

Table  1.  The  calibration  constant,  V^  /dg  /4,  for  the  larger  diameter  collimator 
aperture  pinholes  (0.0256,  0.0140,  and  0.0081  in.),  gives  consistent  values  with¬ 
in  the  ability  to  measure  the  aperture  diameters.  The  value  obtained  for  the 
smallest  aperture,  0.  004  8  in.  ,  departs  from  the  average  value  of  the  larger  aper¬ 
tures  by  10  percent.  However,  if  the  value  of  this  aperture  is  assumed  to  be 
0.  0046  in.  ,  the  values  now  obtained  for  both  the  4.  6-  and  9.  7 -Mm  calibrations  are 
consistent  with  the  values  obtained  for  the  larger  apertures.  Therefore,  only 
those  apertures  0.0081  in.  or  larger  are  used  to  calculate  an  average  calibration 
value  at  each  CVP’  position.  It  is  assumed  that  the  detector,  preamp,  and  post¬ 
amp  electronics  are  linear  over  the  entire  range  of  measurable  voltages.  This 
assumption  appears  valid  since  measurements  made  over  the  8-km  path  during 
periods  of  low  to  moderate  absolute  humidity,  and  moderate  to  high  visibility, 
rc-sult  in  values  of  r  that  compare  favorably  to  LOWTRAN  model  predictions; 
using  the  prevailing  meteorological  data  as  input.  An  example  of  such  compari¬ 
sons  are  shown  in  Figures  9  and  10. 


(3) 


a  I 


The  solid  angle  subtended  by  the  receiver  at  range  R  when  making  transmission 
measurements  is 


A 

n  .  (4) 

2 

where  is  the  area  of  the  receiver  aperture  in  cm  .  V^,  the  voltage  reading 

during  measurement,  is  proportional  to  the  total  power,  4>  ,  collected  by  the 
receiver, 


.  (5) 

Since  the  same  detector  is  used  for  calibration  and  measurement,  and  if  the 
detector  electronics  are  linear,  then  proportionality  becomes  equality  when 
Eqs.  (3),  (4),  and  (5)  are  substituted  into  Eq.  (1).  Thus  the  transmission  is 


The  focal  length  of  the  collimator,  f,  the  diameters  of  the  pinhole  apertures 
placed  at  the  focus  of  the  collimators,  d^,  and  the  areas  of  apertures  A^,  A^,  and 
A^,  are  measured  in  the  laboratory.  The  most  sensitive  and  difficult  measure¬ 
ments  are  those  that  determine  d^.  An  error  of  0.  00025  cm  in  the  measurement 
of  even  the  largest  diameter  pinholes  used  in  the  calibration  scheme  can  result  in 
a  1  to  2  percent  error  in  the  calibration  value. 

Because  the  8-in.  receiver  aperture  diameter  is  smaller  than  the  16-in. 
source  collimator  aperture  diameter,  and  the  secondary  mirror  of  the  source 
collimator  causes  a  central  obscuration  of  the  transmitted  radiation  during  cali¬ 
bration,  it  is  necessar  y  to  insert  a  smaller  aperture,  A^,  in  front  of  the  receiver 
aprTture,  A^.,  during  calibration.  If  only  3-  to  5-pm  transmission  measurements 
were  made,  it  would  be  possible  to  remove  this  limiting  aperture  during  the 
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Figure  3.  Block  Diagram  of  the  Receiver  Electronics 


V 

o  M  .  (2) 

e 

2. 

Multiplying  Eq.  (2)  by  the  effective  area  of  the  collimator,  A^, ,  (cm  ),  and 
dividing  by  the  angular  divergence  of  the  source  collimator,  results  in  a  rela¬ 
tionship  that  is  proportional  to  the  radiant  intensity  of  the  collimator.  The 
angular  divergence  of  the  collimator  is  the  area  of  the  source  aperture  wheel 


pinhole  of  diameter,  d  ,  which  is  in  place  during  the  calibration,  divided  by  the 

2 

focal  length  squared,  f  ,  of  the  collimator.  Therefore, 


2.3  Electronic  Design 

The  1140  Hz  chopped  source  signal,  after  detection  and  preamplification,  is 
sent  to  a  digitally- controlled  10-bit  binary  attenuation  circuit.  This  circuit  can 
control  the  attenuation  from  1023/1024  down  to  3/1024  of  the  incoming  preamp 
signal.  The  signal  from  the  attenuator  is  sent  w  a  variable  gain  operational 
amplifier  that  can  be  adjusted  to  provide  convenient  calibration  values.  This 
signal,  the  normal  output,  is  also  sent  to  the  phase  lock  loop  and  logarithmic 
amplifier  circuits.  The  signal  that  enters  the  pha.sc  lock  loop  circuit  is  first 
amplified  to  saturation  and  then  clipped  by  diodes  to  obtain  a  constant  level  signal 
for  the  phase  lock  loop  integrated  circuit.  The  phase  lock  loop  further  stabilizes 
the  sync  output;  it  is  used  as  the  reference  phase  on  an  EGG  Model  186A  Synchro- 
Het  lock-in-amplifier.  The  dc  output  of  the  lock -in -amplifier  is  directly  propor¬ 
tional  to  the  incident  radiation  falling  on  the  detector. 

The  signal  that  enters  the  logarithmic  amplifier  circuit  is  first  rectified  using 
a  741  operational  amplifier,  and  then  sent  to  a  log  ratio  amplifier.  This  log 
amplifier  circuit  is  used  when  the  incoming  radiation  is  scintillating  because  of 
turbulence  effects  on  propagation.  Since  theory  predicts  a  log-normal  probability 
distribution  to  this  random  process,  the  log  amplifier  circuit  is  used  in  an  effort 
to  obtain  a  more  accurate  average  of  transmission.  Either  the  log  output  or  the 
normal  output  is  then  sent  to  the  signal  input  of  the  lock-in-amplifier.  Then  the 
output  of  the  lock-in-amplifier  is  either  read  with  a  digital  voltmeter,  or  recorded 
on  a  strip  chart  recorder.  A  block  diagram  of  the  receiver  electronics  is  shown 
in  Figure  3. 

2.4  Transmissometer  Calibration 

The  collimator  aperture  diameter  is  much  smaller  than  the  range  at  which 
transmission  measurements  are  made.  Therefore,  the  power  in  Watts,  ♦col¬ 
lected  by  the  transmissometer  receiver  at  range,  R,  is 

♦  =  T  I  G  ,  (1) 

where  t  is  the  transmission,  I  is  the  radiant  intensity  of  the  collimator,  and  S.'  is 

the  solid  angle  subtended  by  the  receiver  at  range  R.  The  radiant  exitance  of  the 

2 

collimator,  M  (Watts/cm  ),  is  measured  by  placing  an  aperture  of  area,  Ap 
2 

(cm  ),  near  the  exit  pupil  of  the  collimator  to  stop  down  the  receiver  optics.  The 
calibration  voltage  recorded,  V divided  by  A^,  is  proportional  to  the  radiant 
exitance : 


possible  to  slightly  defocus  the  spot  image  on  each  detector  and  thereby  reduce 
the  error  by  spreading  the  energy  symmetrically  over  a  larger  area.  However, 
HgCdTe  is  typically  not  uniform,  and  can  vary  by  50  percent  over  its  surface. 
Therefore,  it  was  necessary  to  install  in  the  HgCdTe  detector  assembly  a  field 
lens.  This  lens  was  placed  immediately  ahead  of  the  detector  chip  and  works  by 
imaging  the  receiver  system  entrance  pupil  (the  collector  mirror  aperture)  onto 
the  detector.  This  is  a  well  known  technique  used  in  detector  technology  and  has 
solved  the  nonuniformity  problems  inherent  with  HgCdTe  detectors. 

The  transmissometer  source  is  a  classical  Newtonian  telescope;  16.  5  in. 
diameter  clear  aperture  with  a  49.  5  in.  focal  length.  It  acts  as  a  collimator  to 
transmit  simultaneously  the  visible  and  3-  to  14 -pm  energy  (chopped  at  1140  Hz) 
over  the  range  to  the  receiver  site.  An  optical  schematic  is  shown  in  Figure  2. 
An  aperture  wheel  is  located  at  the  focus  of  the  primary  mirror.  The  circular 
apertures  contained  in  this  wheel  range  in  diameter  from  0.  002  5  to  0.  1404  in. 
and  are  used  to  control  the  angular  divergence  of  the  source  radiation  and  cali¬ 
brate  the  transmissometer. 


Figure  2.  Source  Optical  Layout 
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Figure  12.  Sample  Transmittance  Meas¬ 
urements  (+)  and  Calculated  LOWTRAN  5 
Transmittance  Without  Aerosols  (— )  vs 
Wavelength  Under  Conditions  of  High 
Humidity  and  Low  Visibility  8-  to  14 -pm 
Region  (15  June  81,  1341Z,  8-km  Path) 

by  aerosols.  The  transmittance  due  to  various  atmospheric  absorbers  is  shown  in 
Figure  13  for  conditions  representative  of  the  TSCF  path.  The  path  length  is  8  km, 

O 

the  water  vapor  density  of  10  gm/m  represents  an  average  amount  for  these 
measurements,  and  the  meteorological  range  of  50  km  represents  a  clear  day. 

The  ozone  density  of  5.4  X  10  gm/m  is  an  average  surface  value.  Plotted 
separately  are  the  total  transmittance  and  the  transmittance  due  to  the  water  vapor 
continuum,  water  vapor  band  transmittance,  and  aerosol  extinction.  In  the  most 
transparent  regions  of  the  window,  the  dominant  absorber  is  the  water  vapor  con¬ 
tinuum.  The  aerosol  transmittance  is  high  because  a  high  value  of  the  meteoro¬ 
logical  range  was  used.  The  remaining  absorbers  are  the  uniformly  mixed  gases, 
principally  carbon  dioxide,  nitrogen  continuum  in  the  3-  to  5 -pm  region,  and 
ozone  around  1050  cm  With  the  exception  of  ozone,  the  absorption  by  these 
gases  changes  very  little  with  meteorological  conditions. 

To  examine  the  dependence  of  the  measured  transmittance  on  the  water  vapor 
amount,  three  filter  positions  in  the  8-  to  12-pm  region  (10.7,  10.  1,  and  8.  5  pm) 
and  two  in  the  3-  to  5-pm  region  (3.  89  and  4.68  pm)  were  selected  for  detailed 
analysis.  Figure  14  (a  and  b)  shows  a  typical  CVF  measurement  with  the  selected 
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Figure  13.  LOWTRAN  6  Calculation  of  Atmospheric  Transmittance  for 
the  Conditions;  1013  mb,  206K,  10.  0  gm/m3  Water  Vapor,  8-km  Path, 
RURAL  Aerosol  Model,  VIS  =  50  km.  Solid  line  is  total  transmittance, 
dashed  line  is  water  vapor  continuum  transmittance,  dash-dot  line  is 
water  vapor  band  transmittance,  and  dotted  line  is  aerosol  transmit¬ 
tance;  (a)  300  to  1300  cm"^  and  (b)  1800  to  3400  cin"^ 


filter  positions  indicated.  Also  shown  are  the  LOWTRAN  calculations  for  these 
cases  but  with  no  aerosol  extinction  included.  The  filter  position  at  10.  1  turn  is 
slightly  affected  by  the  ozone  absorption  centered  at  9.  6  /urn,  while  for  the  filter 
at  4.68  Mm  about  half  of  the  absorption  is  due  to  water  vapor  band  absorption. 

The  data  for  each  filter  position  was  plotted  in  both  transmittance  and  optical 
depth  per  km  vs  water  vapor  density.  These  plots  are  shown  in  Figures  15 
through  20.  The  optical  depth  per  km  is  actually  -(Inrl/L,  where  t  is  the  trans¬ 
mittance  and  L  is  the  path  length  (either  8  or  2.25  km).  Since  the  transmittance 
data  have  been  spectrally  averaged  and  do  not  obey  Beer's  law,  this  quantity  is 
not  a  true  optical  depth.  For  this  reason,  the  data  for  the  8-  and  2.25-km  paths 
are  plotted  separately. 

In  order  to  give  some  indication  of  the  effect  of  aerosol  extinction  on  the 
transmittance,  the  data  were  divided  into  three  groups  according  to  the  observer 
estimated  meteorological  range  (VIS);  high  (VIS  >  15  km,  indicated  by  X),  moder¬ 
ate  (15  km  >  VIS  >  5  km,  indicated  by<D),  and  low  (VIS  <  5  km,  indicated  by  A). 
Aerosol  properties  are  known  to  change  with  relative  humidity,  particularly  above 
90  percent  relative  humidity.  The  effect  of  relative  humidity  is  considered  by 
plotting  separately  the  data  for  all  relative  humidities  and  relative  humidities  less 
than  or  equal  to  90  percent. 

Also  shown  on  each  plot  is  the  LOWTRAN  transmittance  or  optical  depth  per 
km  for  two  temperatures;  2  86  and  296K.  The  LOWTRAN  6  calculations  do  not 
include  the  aerosols.  The  LOWTRAN  6  code  contains  a  new  water  vapor  continu¬ 
um  model  extending  from  0  to  20,000  cm  The  continuum  contribution  from 
water  vapor  absorption  is  expressed  in  terms  of  self,  and  foreign,  density-depend¬ 
ent  absorption  coefficients.  The  new  continuum  model  in  LOWTRAN  is  described 
in  Appendix  C. 

3.3  Presentation  of  the  Data 

The  comparison  of  the  data  and  the  LOWTRAN  calculations  is  presented  in 
Figures  15  through  20.  Figure  15  presents  the  8-  to  12 -pm  data  for  the  8-km  path. 
Figure  15  (a),  (b),  and  (c)  shows  all  the  data  on  a  transmittance  scale.  Figure  15 
(d),  (e),  and  (f)  shows  the  same  data  on  a  log  scale.  And  Figure  15  (g),  (h),  and 
(i)  shows  only  the  data  points  for  which  the  relative  humidity  is  less  than  or  equal 
to  90  percent.  No  aerosol  extinction  is  included  in  the  LOWTRAN  calculation.  The 
measured  data  is  grouped  into  three  categories  according  to  the  observer  estimated 
meteorological  range,  as  indicated  in  the  legend. 

In  a  similar  fashion,  the  8-  to  12-Mm  data  for  the  2.25-km  path  is  shown  in 
Figure  16.  Note  again  the  optical  depth  per  km  scale  is  not  a  true  optical  depth, 
so  that  the  2.25-  and  8-km  data  cannot  be  directly  compared. 
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Figure  15,  Measured  Transinittances  (Symbols)  and  LOWTRAN 
Calculations  (Solid  Lines)  at  286  and  296K  for  the  8-  to  12-pm 
Region  and  the  8 -km  Path 

The  CVF  Transmissoineter  has  a  nominal  resolution  of  6  percent  in  the  8-  to 
12 -um  region  and  2  percent  in  the  3-  to  5'.um  region.  Figure  17  shows  the  trans¬ 
mittance  of  a  typical  6  percent  CVF  centered  at  about  1075  cm  LOWTRAN  has 
a  resolution  of  20  cm  ^  (full  width  at  half-maximumL 

To  test  the  effect  of  the  greater  bandpass  of  the  data,  the  LOWTRAN  calcula¬ 
tions  at  296K  were  convolved  with  the  filter  functions  corresponding  to  the  three 
selected  positions.  The  results  are  shown  in  Figure  18. 

In  the  same  way  as  the  8 -to  12 -pm  data,  the  data  for  the  two  selected  filters  in 
the  3-  to  5-pm  region  are  shown  In  Figure  19  (8-km  path)  and  Figure  20  (2.25-km). 

3.4  Comments 

In  the  8-  to  12 -pm  region,  the  high  visibility  points  (indicated  by  an  X  in 
Figures  15  and  16)  agree,  with  a  few  exceptions,  to  within  10  percent  in  transmit¬ 
tance  to  the  LOWTRAN  calculations.  One  notable  exception  is  the  data  for  the 
8.85-pm  filter  on  the  8-km  path  [Figure  15  (c)  and  (f)),  where  the  data  clustered 
around  5  gm/m  of  water  vapor  is  consistently  15  percent  less  than  the 
LOWTRAN  transmittance  The  data  for  the  2.  25-km  path  [  Figure  16  (c)  and  (f)  ) 
shows  a  similar  pattern 
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(a)  WATER  (CM, 11-3) 


(a)  10.70-Mm  Filter,  Transmittance  Scale,  All  Data 


(b)  10.  10-^m  Filter,  Transmittance  Scale,  All  Data 


Figure  16.  Measured  Transmittances  (Symbols)  and 
LOWTRAN  Calculations  (Solid  Lines)  at  286  and  296K 
for  the  8-  to  12-pm  Region  and  the  2.25-km  Path 
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(c)  8.85-;jm  Filter,  Transmittance  Scale,  All  Data 


(d)  10.70-*jm  Filter,  Optical  Depth/km  Scale,  All  Data 

I'igure  Ifi,  Measured  Transmittance  (Symbols)  and 
LOWTHAN  Calculations  (Solid  Lines)  at  286  and  296K 
for  the  8-  to  12 -pm  Region  and  the  2.25-km  Path 


3  5 


0.30  0.40 

DEPTH  /KM 


(c)  10.  lO-nm  Filter,  Optical  Depth/km  Scale,  All  Data 


(f)  WATER  (On.n-3) 

(f)  8.8o-jurn  Filter,  Optical  Depth/km  Scale,  All  Data 

Figure  16.  Measured  Transmittances  (Symbols)  and 
LOWTRAN  Calculations  (Solid  Lines)  at  286  and  296K 
for  the  8-  to  12 -^m  Region  and  the  2.25-km  Path 
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(  all  ula tif)n.s  (Solid  Lines)  at  28D  and  2f'flK  for  the  8-  to  12-/loti 
Region  and  the  2.2.')-km  Path 
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(i)  8.  85-Mm  Filter,  Optical  Depth/km  Scale,  RH  <  90  percent 

Figure  16.  Measured  Transmittance  (Symbols)  and  LOWTRAN 
Calculations  (Solid  Lines)  at  286  and  296K  for  tlie  8-  to  12 -pm 
Region  and  the  2. 2 5 -km  Path 

Considering  the  moderate  and  low  visibility  data  (indicated  by  O  and  A),  the 
remarkable  point  is  not  that  some  of  the  data  does  not  fit  the  LOWTRAN  calcula¬ 
tion  but  rather  that  so  much  of  the  data  still  tracks  LOWTRAN  calculated  without 
aerosols.  A  few  points  even  indicate  less  extinction  than  LOWTRAN.  Special  note 
should  be  made  of  the  data  taken  almost  continuously  on  28  May  between  1124  to 
1936  (the  data  itself  is  listed  in  Appendix  A  with  the  obser'^er's  comments  in 
-Appendix  B).  Haze  and  fog  with  light  drizzle  conditions  existed  up  to  1330,  with 
observer  estimated  visibility  at  2  to  4  km  after  the  rain  ended.  During  this 

3 

pei  iod,  the  absolute  humidity  remained  approximately  constant  at  12.  5  gm/m  , 
while  the  relative  humidity  decreased  from  100  percent  during  the  fog,  to  80  per¬ 
cent  at  the  conclusion  of  the  experiment.  In  spite  of  the  low  visibility,  none  of  the 
data  points  aroani  12.3  gm/m  are  significantly  above  the  LOWTRAN  calcula¬ 
tion. 

3 

On  the  8-km  path  are  five  data  points  that  exceed  15  gm/m  of  water  vapor. 

In  the  8-  to  12 -pm  region  [see  Figure  13  (d),  (e),  and  (f)  |  most  of  these  data 
points  show  less  extinction  than  predicted  by  LOWTR.AN.  A  comparable  cffei’t  is 
not  seen  in  the  data  for  the  2.23-km  path. 


18 


Table  A2.  Listing  of  CVF  Transmissometer  and 
Meteorological  Data:  3-  to  (Contd) 


eKH  PATH  TRANS  AT 


OAU 

TIME 

T(C) 

TO(CI 

4.6  3.9 

4.66 

VIS 

RH 

H20 

2<« 

JtRt 

1107 

la.  07 

13.57 

.235  .636 

.23  2 

80.  DO 

7  4 . 5  > 

11.561 

2<i 

JIM 

1211 

15.80 

14.  26 

.250  .723 

.253 

80.00 

65.66 

12. (19 

RAhGt 

CHANGED 

TO  2,25  t(M  AT 

THIS  fClTT 

22 

JLIT 

1321 

16.80 

16.50 

.510  .660 

.523 

15.00 

8  6.23 

13.927 

Z2 

JULY 

175‘» 

21.15 

11. eO 

.550  .ecC 

.557 

25.00 

54.34 

10.184 

2<< 

JULY 

1501 

23.00 

15.53 

.539  .659 

.514 

30.00 

62.09 

12.904 

29 

JULY 

1410 

14.94 

12.20 

.558  .6fc5 

.549 

25.00 

e ;  .  4  1 

U.683 

11 

AUG 

1424 

21.16 

16.70 

.500  .650 

.506 

10.00 

75.19 

13.992 

13 

AUG 

1447 

21.96 

17.32 

.473  .625 

.45  c 

13.00 

74.43 

14.514 

lA 

AUG 

1251 

22.20 

19.70 

.394  .761 

.370 

4.00 

C  5 . 4  C 

16.636 

17 

AUG 

1816 

20.50 

7.90 

.550  .637 

.614 

30.00 

H  3 . 5  6 

7.658 

17 

AUG 

1825 

20. 6C 

7.67 

.580  .671 

.6*7 

30.  00 

4  2.60 

7.734 

Table  A2. 

Listing  of  CVF  Transmissometer  and  Meteorological  Data; 

3-  to  5-| 

6<M  PATM 

IAAnS  at 

0A1L 

TIME 

T  to 

TOtCI 

4.6  3.9 

4.66 

VIS 

RH 

N20 

7 

HtY 

1  337 

7.60 

-1.00 

.383  .764 

.468 

7C.00 

54. IJ 

4.364 

7 

MAY 

1352 

7.73 

-1.25 

.392  .753 

.479 

70.00 

52  .71 

4.3C2 

7 

MAY 

1405 

7.70 

—  1  .  c  0 

.392  .752 

.479 

70.  00 

^2.62 

4.287 

7 

MAY 

1405 

8.01 

-1.6  3 

.382  .771 

.464 

70.00 

5t.2? 

4.180 

7 

MAY 

1417 

8.00 

-1.6  . 

.332  .771 

.*■64 

(  0 .  0  u 

51.42 

4.169 

e 

MAY 

115b 

6.72 

-1.27 

.323  .690 

.414 

50.00 

5t  .44 

4.311 

e 

MAY 

1212 

6.70 

-1.20 

.328  .600 

.414 

50.00 

5t.4C 

4  .  0  2 

e 

MAY 

1231 

7.95 

-.43 

.350  .696 

•  42  6 

50.00 

55.14 

4.564 

e 

MAY 

12*.7 

8.00 

-.40 

.350  .698 

.42o 

50.00 

55.06 

4.574 

e 

MAY 

1249 

S.39 

.19 

.334  .717 

.405 

5  0.00 

9  2.28 

4.751 

8 

MAY 

1313 

9.40 

.20 

.334  .717 

•  hC  5 

50.  :c 

52.29 

4.754 

e 

MAY 

1406 

11.40 

2.14 

.333  .726 

.369 

5  0.00 

52.56 

5.427 

8 

MAY 

1422 

11.40 

2.10 

.333  .726 

.3t9 

50. CO 

52.41 

5.412 

8 

MAY 

1  424 

12.10 

2.40 

.350  .714 

.  4  b  U 

50.00 

51. 1C 

5.515 

11 

MAY 

1248 

12.90 

12.60 

.C93  .373 

.095 

3.00 

9c.  02 

1  1.  C‘.6 

12 

MAY 

1702 

11.20 

3.20 

.334  .662 

.365 

60.00 

5  <.4? 

5.65t 

12 

MAY 

174  0 

12.10 

3.  70 

.334  .661 

.3?  J 

60.00 

5t .  06 

6.C47 

19 

MAY 

1  325 

8.90 

1.60 

.329  .658 

.372 

25.00 

5  9 . 6  S 

5.26c 

1? 

MAY 

1  416 

S.60 

1.20 

.339  .694 

.36  1 

25.00 

5  5.4? 

5.  Ut 

2C 

MAY 

1  336 

13.20 

1.20 

.318  .651 

.357 

35.00 

4a  .55 

5.C42 

20 

MAY 

1  352 

14.10 

1.95 

.327  .676 

.574 

35.00 

43.32 

5.  3C4 

22 

MAY 

1328 

17.40 

8.60 

.169  .630 

.266 

10.00 

5  5.71 

t.229 

27 

MAY 

1700 

19.50 

17.  CO 

.100  .243 

.104 

6.00 

85.17 

14.342 

28 

MAY 

1124 

14.30 

14.30 

.126  .260 

.130 

4.00 

ICl. Ct 

12.2cl 

28 

MAY 

1158 

14.20 

14.20 

.073  .154 

.074 

4.  OL 

101 . 00 

12.2C6 

28 

MAY 

1408 

14.80 

14.60 

.205  .526 

.204 

4.  CO 

St. 69 

12.500 

28 

MAY 

1440 

15.20 

14.60 

.213  .589 

.212 

4.00 

St. 14 

12.483 

28 

MAY 

1  540 

15.20 

14.50 

.196  .539 

.197 

4.00 

S9.61 

12.402 

28 

MAY 

1617 

15.60 

14.60 

.197  .526 

.196 

4.  CO 

92.44 

12.457 

28 

MAY 

1806 

17.50 

14.60 

.225  .635 

.223 

4. 00 

83.89 

12.545 

28 

MAY 

1911 

17.60 

15.  CO 

.226  .654 

.218 

4.00 

84.45 

12.703 

2 

JLM  1 

1521 

19.20 

16.90 

.171  .561 

.169 

4.  CO 

96.10 

18.182 

2 

JlNt 

1602 

19.70 

19.00 

.173  .577 

.166 

4.00 

95.64 

16.256 

11 

JLKt 

1250 

18.70 

13.70 

.175  .560 

.160 

12.  CO 

72.24 

11.634 

11 

JLM 

1305 

13.80 

13.90 

.194  .667 

.207 

12.00 

72.73 

11.782 

11 

JI.N  t 

1402 

20.20 

14.10 

.225  .654 

.233 

12.00 

6/. 41 

11.679 

12 

JLNc 

1817 

24.90 

20.70 

.090  .49C 

.111 

12.00 

7t  .93 

17.749 

15 

JLM 

1  319 

25.80 

21.40 

.146  .537 

.126 

12.00 

7t.O? 

16.474 

15 

JLNt 

1423 

26.70 

21.70 

.144  .536 

.123 

12.00 

73.36 

It. 761 

15 

JLM 

1433 

26.70 

21.50 

.144  .536 

.123 

12.00 

72.44 

16.532 

17 

JLM  t 

1311 

15  .40 

11.20 

.273  .666 

.260 

45.00 

7  5.69 

9.  5e4 

17 

JLNi 

1  349 

16.00 

11.10 

.300  .701 

.305 

45.0  0 

72.30 

9.697 

IS 

JLMt 

1233 

2C.00 

14.50 

.185  .596 

.165 

8. 00 

71.09 

12.199 

IS 

JLMt 

1  335 

21.90 

14.50 

.177  .670 

.180 

6.  CC 

62.17 

12.121 

IS 

JLM  t 

1435 

22. SO 

14.60 

•194  .604 

.154 

6.00 

56.78 

12.158 

22 

JLNt 

1615 

21.80 

13.60 

.237  .653 

.237 

60.00 

5t.96 

11.437 

22 

JLNt 

1735 

22.17 

13.18 

.271  .655 

.255 

80. CO 

5t.  02 

11.114 

2  2 

JLM  » 

1740 

21.80 

13.60 

.271  .655 

.259 

80. CO 

5e  .96 

11.437 

23 

JLNt 

1133 

17.19 

14.16 

•  214  . 648 

.219 

80.00 

6  2.06 

12.049 

23 

JLNt 

1154 

17.20 

14.20 

.214  .648 

.219 

80.00 

8  2.22 

12.180 

23 

JLMt 

1240 

18.66 

!>«.  06 

.237  .669 

.238 

60.00 

74.16 

11.911 

23 

JLM 

1258 

18.20 

14.10 

.237  .669 

.238 

60.00 

7t  .59 

11.961 

23 

JLNt 

1259 

18.36 

14.  06 

.260  .720 

.286 

8C.OO 

75.60 

11.923 

JLMk 

159 

21.78 

14.06 

.225  .606 

.227 

60.00 

61.65 

11.785 

Ta>3le  Al.  Listing  of  CVF  Transmissometer  and 
Meteoi'ological  Data:  8-  to  12-/jm  (<  ontd) 


flKi  PATH  TRfKS 


DATE 

TIME 

T(C) 

TO(C) 

8.85  10. 1C  10.70 

VIS 

RH 

H20 

28 

MIY 

1936 

19.  00 

1 5 . 3  u 

.287  .272  .209 

4.0  0 

78.73 

12  .d6S 

2 

JtN  t 

1507 

Id.  90 

Id  . c o 

.181  .15o  .C98 

4.00 

:  9 . 36 

16  .056 

2 

JlNc 

1536 

19. OC 

18 .  d  0 

.177  .157  .060 

4.03 

9e  .73 

16.052 

11 

JLNt 

1342 

15.40 

12.70 

.303  .310  .2i5 

12.03 

64 . 64 

10.872 

11 

JLNt 

13  68 

19.40 

12.70 

.310  .326  .256 

12. CO 

84.64 

10.672 

12 

JLh  t 

17  30 

25.70 

20.10 

.142  .116  .C/t 

12.00 

70.50 

17.057 

15 

JLNt 

1341 

25.70 

21  .40 

.128  .103  .049 

12.03 

76.54 

18.481 

15 

JliNb 

1417 

25.70 

21.40 

.133  .101  .0p3 

12.00 

76.54 

18.481 

15 

JLK  t 

14  40 

27.10 

21.50 

.132  .095  .0t3 

12.00 

70.70 

18.507 

17 

JGNt 

1232 

14.70 

11. 1C 

•  3c3  ■*4£3 

45.00 

7  8.71 

5  .942 

17 

JUN  k 

1307 

14.70 

11.10 

.401  .419  .331 

45.03 

78.71 

9.942 

15 

JG^t 

1310 

20.70 

15.20 

.213  .240  .ItO 

6.03 

7  0.20 

12.732 

15 

JLNt 

1333 

20.70 

15.20 

•£(0  *£36  •IrE 

6.00 

70.20 

12.732 

19 

JLNt 

1  358 

22.  00 

13.90 

•220  .281  .215 

6.00 

59.39 

11.654 

15 

JLNt 

1431 

2  2.00 

13. 5l 

•236  .283  .213 

6. CO 

59.39 

11.654 

22 

JLNt 

163.* 

2  1.90 

13.30 

•  35**  *35^  •£*£ 

6  0  •  0  j 

57.43 

11.212 

22 

JLNt 

17  31 

21.90 

13*34.' 

.240  .342  .2c8 

60.00 

57.43 

11.212 

22 

JLNt 

1803 

22.50 

12.90 

.345  .3*4  .3C2 

60  .00 

53.66 

10.900 

2  2 

JLNt 

1203 

17.80 

14.06 

.314  .3lt  .242 

60.00 

7o  .37 

11  .946 

23 

JLN  t 

12  34 

17.  80 

14.06 

.338  .319  .2,4 

80.00 

78.37 

11.94c 

2<i 

JLNt 

124 

22.27 

13.18 

.312  .327  .278 

80.00 

t  5.67 

11.110 

2<. 

JLNt 

155 

22.27 

13. Ic 

.328  .333  .278 

60.00 

55.67 

11.110 

2<< 

JLNt 

1135 

18.80 

13.7? 

•3(6  .312  .242 

60. 00 

72.11 

11.683 

2<. 

JLNt 

1208 

18.80 

13.7? 

.310  .304  .225 

80. CC 

72.11 

11.863 

R  A  ^  G  t 

CHANGED 

TO  2. 

26  Kt*  i 

AT  THIS  f01NT‘»»*' 

22 

JLL  T 

1300 

18.70 

15.00 

.ct2  .865  .604 

15.00 

7d.69 

12.856 

23 

JLL7 

1336 

21.15 

11.90 

.681  .784  .735 

25.00 

54.85 

10.253 

23 

JLLT 

1836 

21.68 

12. U 

.685  .766  .739 

25.00 

53.76 

1C  .371 

2A 

JLL  > 

1 4  30 

22.60 

14.84 

.602  .675  .651 

12.30 

60.85 

12  .381 

£ 

JLLT 

14  35 

22. ec 

14. 84 

.621  .864  .627 

12.00 

60.85 

12.381 

2^ 

JLLT 

1515 

23.54 

15.30 

.6C0  .660  .613 

12. CO 

59.14 

12.852 

2  <• 

JLLT 

15  35 

23.54 

15.30 

.616  .660  .612 

12  .CO 

59.14 

12.852 

2° 

JLL  T 

1  342 

14.70 

12.10 

•  •74.4  •67fi 

25.00 

64.17 

10.622 

25 

JLLT 

13  42 

14.70 

12.10 

.683  .721  .648 

25. CC 

64.17 

10.822 

A 

AUG 

1200 

20.40 

19.60 

.465  .522  .435 

8.00 

95.05 

16  .635 

<• 

ALG 

1  23J 

21.00 

19. tw 

.457  .520  .455 

t.  03 

91.51 

16 .80 J 

5 

ALG 

1714 

25.80 

19. 8o 

.473  .521  .446 

10. CO 

68.75 

18.737 

13 

ALG 

1h33 

21.50 

17.04 

.557  .622  .575 

13.00 

75  .24 

14  .2cl 

!»• 

ALG 

12  38 

22.20 

19.7s, 

.483  .546  .475 

4.00 

85.40 

16.836 

17 

ALL 

1757 

15.90 

8  .  CO 

.782  .846  .832 

3C.10 

45.56 

7  .52t 

17 

AOG 

laOb 

20.30 

8.50 

•  731.  •C£t.  •79£ 

3C.C0 

45.97 

8.191 

Table  Al.  Listing  of  CVF  Transmissometer  and  Meteorological  Data:  8-  to  12-^m 


6KM  PATH  TRfNS  AT 


CATE 

TIME 

T  (C) 

T0(C) 

8.85 

10.10 

10.70 

«XS 

RH 

N20 

7 

HAY 

1433 

8  •  66 

-2 

.00 

.640 

.742 

.689 

70.00 

46.7a 

4.058 

7 

M/Y 

1452 

8.87 

-1 

.65 

.640 

.  737 

.7o0 

70.03 

46.63 

4.100 

a 

HAY 

1213 

7.29 

- 

.60 

.620 

.707 

.710 

50.00 

56.17 

4.453 

a 

HAY 

1320 

9.o7 

.92 

.570 

.670 

.65  3 

50.00 

53.  36 

5.300 

a 

HAY 

13  38 

10.30 

1 

.  2  u 

.570 

.670 

.650 

SC. 00 

52.89 

5 .094 

12 

HAY 

18  01 

12.10 

3 

.20 

.570 

.6  09 

.611 

60. 00 

54.  10 

5.838 

IS 

HAY 

1346 

9.40 

1 

.20 

.572 

.645 

.640 

25.00 

56.23 

5.110 

19 

HAY 

1405 

9.  30 

1 

.10 

.569 

.644 

.636 

25.00 

56.20 

5 .075 

19 

MAY 

14  30 

9.70 

1 

.40 

.565 

.  641 

.625 

25. UO 

55.69 

5.178 

20 

HAY 

1258 

11.10 

1 

.90 

.562 

.631 

.67  2 

35.10 

52.71 

5.341 

22 

MAY 

1401 

20.80 

6 

.64 

.340 

.423 

.421 

10.00 

39.17 

7.202 

22 

HAY 

1-*01 

19.63 

7 

.42 

.3i0 

.  423 

.421 

10.00 

44.  53 

7.62c 

26 

HAY 

11  39 

14.70 

14 

.70 

.226 

.  242 

.  170 

4.03 

100.00 

12.5C6 

20 

MAY 

1139 

14.70 

14 

.  7  u 

.220 

.  231 

.170 

4.03 

IbO  .03 

12  .566 

28 

MAY 

1255 

14.30 

14 

.2; 

.172 

.  2il 

.170 

4.00 

IbD. 00 

12.261 

26 

MAY 

1255 

14.30 

14 

.3  0 

.212 

.  241 

.l’i4 

4.00 

ICC. 30 

12.261 

20 

HAY 

1310 

14.70 

14 

.70 

.2C6 

.  c  3 

.163 

4.00 

ll 0 . 00 

12.506 

26 

MAY 

1  310 

14.70 

14 

.73 

.211 

.224 

.1;6 

4.03 

lu J. 30 

12.506 

28 

HAY 

1310 

14.70 

14 

.70 

.216 

•  £  CX 

.173 

4.00 

IjO.OO 

12  .56  6 

28 

HAY 

1310 

14. 70 

14 

.70 

.216 

.272 

.173 

4.00 

10  C.OO 

12.506 

26 

HAY 

1310 

14.70 

14 

.70 

.219 

.235 

.175 

4.00 

100.00 

12.566 

28 

MAY 

1335 

14.70 

14 

.70 

.221 

-  239 

.178 

s.OO 

1 J  3 . 00 

12.566 

28 

MAY 

1337 

14.90 

14 

.70 

.2?  3 

.  259 

.176 

4.00 

98.70 

12.577 

28 

HAY 

1356 

14.80 

14 

.6  u 

.254 

.  2tl 

.  Ic  3 

4.00 

98.69 

12.500 

28 

HAY 

13  56 

14.80 

l4 

.60 

.257 

.2  64 

.16  7 

4.00 

9C.69 

12.500 

28 

HAY 

1h07 

14. 6C 

14 

.60 

.257 

.266 

.lc5 

4.00 

98.69 

12.500 

28 

HA  Y 

1425 

15.20 

14 

.60 

.2  70 

.  2  70' 

.195 

4.03 

96.14 

12.403 

26 

HAY 

l-*25 

15.20 

14 

.63 

.271 

.274 

.197 

4.0  3 

9c.  14 

12.463 

28 

HAY 

1437 

15.20 

14 

.60 

.2  76 

.275 

.15  9 

4.00 

96.14 

12.463 

28 

HAY 

l-«55 

15.50 

14 

.70 

.275 

.  2  7d 

.  197 

4.0  0 

94.89 

12.551 

28 

HAY 

1455 

15.50 

14 

.70 

.2  75 

.276 

.197 

4  .00 

94  .89 

12.551 

28 

HAY 

1455 

15.50 

14 

.73 

.2  72 

.271 

.195 

4.00 

94.89 

12  .551 

28 

HAY 

1524 

15.50 

14 

.6  0 

.256 

.  267 

.193 

4.00 

94.27 

12  .470 

26 

HAY 

13  24 

15.50 

l4 

.  6  u 

.26  1 

.267 

.195 

4.00 

94.27 

12  .4  f  b 

28 

HAY 

15  37 

15.50 

14 

.6  0 

.2  64 

.270 

.15  5 

4.00 

94.27 

12 .4  7u 

26 

HAY 

1552 

15.30 

14 

.6  0 

.  2  7  0 

.26  0 

.16  7 

4. CO 

95.51 

12.479 

26 

HAY 

1552 

15.30 

14 

.6.. 

.  £  c  6 

.  260 

.16  7 

4.00 

95.51 

12  .4  79 

26 

HAY 

1625 

15.70 

1  4 

.60 

.279 

.  261 

.197 

4.03 

94.28 

12.623 

26 

HAY 

1625 

15.70 

14 

.  6  0 

.242 

.264 

.  1^9 

4.0  C 

94 . 26 

12.623 

2  6 

HAY 

lo37 

15.70 

1  4 

.60 

.249 

.  265 
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Appendix  A 

Listing  of  Transmissometer  and  Meteorological  Data 


A  listing  of  the  digitized  data  used  for  analysis  in  Section  3  is  presented  in 
this  Appendix.  The  data,  shown  in  Tables  A1  and  A2,  were  taken  from  7  May  to 
17  August  1981.  Measurements  for  both  the  8-  and  2.25-km  paths  are  included. 
Table  Al  lists  CVF  transmissometer  and  meteorological  data  in  the  8-  to  12 -um 
region:  Table  A2  is  for  the  3-  to  5-/um  region.  As  indicated  by  the  header  in  each 
table,  the  digitized  values  for  each  measurement  are  the  following:  the  date,  the 
time,  the  ambient  temperature  ("O,  the  dew  point  temperature  (°C),  transmit- 
tances  at  three  wavelengths  observer  estim.ited  visibility  (km),  relative 

humidity  (  %),  and  absolute  humidity  (gm/m  ). 


(e)  3.  89-/jm,  Optical  Depth/km  Scale,  RH  S  90  percent 


(f)  4.  fi8-pm.  Optical  Depth/km  Scale,  RH  s  90  percent 

Figui’C  20.  Measured  Transtn ittances  (Symbols)  and  LOM'TRAN 
Calculations  (Solid  Lines)  at  280  and  ■296K  for  the  3-  to  -O-pm 
Region  and  the  2.2.3-km  Path 


(c>  HfiTER  (On.M-3) 


(c)  3.  89-pm,  Optical  Depth/km  Scale,  All  Data 


(d)  WRTER  (OM.11-3) 


(d)  4.68-pm,  Optical  Depth/km  Scale,  All  Data 

F'igure  20.  Measured  Transmittances  (Symbols)  and  LOWTRAN 
Calculations  (Solid  Lines)  at  286  and  296K  for  the  3-  to  5-pm 
Region  and  the  2.25-km  Path 
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(a)  3.  89->im,  Transmittance  Scale,  All  Data 


(b)  4.68-^m,  Transmittance  Scale,  All  Data 


Figure  20.  Measured  Transmittances  (Symbols)  and  LOWTRAN 
Calculations  (Solid  Lines)  at  286  and  296K  for  the  3-  to  5-/um 
Region  and  the  2.  2  5-km  Path 
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(d)  4.68-^<m,  Optical  Depth/km  Scale,  All  Data 


Figure  19.  Measured  Transmittances  (Symbols)  and  LOW  TRAN 
Calculations  (Solid  Lines)  at  286  and  296K  for  the  3-  to  5-/Lim 
Region  and  the  8-km  Path 
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(a)  3.a9-/jm,  Transmittance  Scale,  All  Data 


(b)  4.  fi8-/um.  Transmittance  Scale,  All  Data 

Figure  10.  Measured  Transmittances  (Symbols)  and  LOWTRAN 
Cahulations  (Solid  Lines)  at  286  and  20r)K  for  the  3-  to  ‘i-^m 
Region  and  the  8 -km  Path 


X°8.85/ifn  (1130  cm"') 


Figure  18.  Measured  Trans mittances  (Symbols)  and  LOWTRAN 
Calculation  at  296K  Degraded  with  a  6  percent  CVF  Filter,  for 
the  8”  to  12 -jam  Region  and  8-km  Path 


small  particles,  which  can  cause  a  significant  reduction  in  visibility  but  cause  very 
little  attenuation  at  infrared  wavelengths.  Verification  of  this  theory  requires  the 
simultaneous  measurement  of  atmospheric  transmittance  at  visible  and  infrared 
wavelengths  and  detailed  measurements  of  aerosol  properties. 

The  8-  to  12-jum  data  for  high  water  amounts  along  the  8-km  path  shows  less 
extinction  than  LOWTRAN.  One  possible  explanation  is  the  breakdown  of  the 
pressure  scjuared  dependence  of  the  water  vapor  continuum  absorption.  However, 
this  conclusion  would  be  contrary  to  the  observations  of  other  investigators  (see 
Appendix  C).  Also,  the  number  of  data  points  involved  is  small,  and  the  effect  is 
not  observed  in  the  2.25-km  data. 

More  .measurements  are  needed,  preferably  with  humidity  measurements 
taken  at  all  three  data  poles,  to  determine  if  this  effect  is  real. 
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(a)  10.70-/um  Filter,  Optical  Depth /km  Scale,  All  Data 


(b)  10. 10-^m  Filter,  Optical  Depth/km  Scale,  All  Data 

Figure  18.  Measured  Transmittances  (Symbols)  and 
LOWTRAN  Calculation  at  296K  Degraded  with  a  6  per¬ 
cent  CVF  Filter,  for  the  8-  to  12 Region  and  8-km 


TYPICAL  6%  CVF 


Figure  17.  Relative  Transmittance  of  a 
Typical  6  percent  CVF  Filter  in  the 
10.  0-pm  Region 

The  effect  of  the  6  percent  CVF  on  the  LOWTRAN  calculation  is  seen  by  com¬ 
paring  Figure  15  (d),  (e),  and  (f)  with  Figure  18  (a),  (b).  and  (c)  (the  data  points 
in  both  cases  are  the  same).  For  all  three  filters,  the  degraded  calculations  show 
slightly  greater  extinction.  The  maximum  effect,  however,  is  less  than  8  percent 
of  the  optical  depth  per  km,  so  that  conclusions  based  on  the  undegraded 
LOWTRAN  calculation  are  still  valid. 

The  data  for  the  3-  to  5-pm  filters  shown  in  Figures  19  and  20  exhibit 
behavior  similar  to  the  8-  to  12 -pm  data.  The  high  visibility  points  agree  reason¬ 
ably  well  with  LOWTRAN  calculations  as  do  many  of  the  moderate  and  low  visibil¬ 
ity  points.  In  particular,  note  the  agreement  for  the  4.  68-pm  filter  where  pre¬ 
viously  LOWTRAN  had  no  continuum  coefficient  and  seriously  underestimated  the 
absorption.  This  data  does,  however,  show  greater  scatter  than  the  8-  to  12 -pm 
data,  with  more  points  showing  large  discrepancies  with  LOWTRAN  calculations. 

3.5  Conclusions 

The  data  shows  generally  good  agreement  between  LOWTRAN  calculated  with 
no  aerosols  and  the  measurements  made  under  conditions  of  low  visibility.  A 
possible  explanation  for  this  effect  is  that  the  aerosols  are  composed  of  very 


Appendix  B 

Observer's  Comments  (Weather,  Visibility,  etc.) 


7  May  81 

Very  clear.  We  could  see  open  window  of  shack  at  Building  620  through  tele¬ 
scope  at  Trebein.  Visibility  estimated  >  60  km.  Nephelometer  readings*  0.03  to 
0.  06.  Forward  scatter  meters  not  operational.  The  pressure  readings  on  the 
attached  weather  summary  are  not  valid.  Called  WPAFB  weather  station  and  their 
station  pressure  during  the  runs  was  990  mb.  Intensity  scintillation  was  severe. 

8  May  81 

Clear,  but  not  as  clear  as  7  May.  Visibility  estimated  >  40  km.  Nephelo¬ 
meter  readings  0.  08  to  0.  10.  Forward  scatter  meters  not  operational.  The  pres¬ 
sure  readings  on  weather  summary  not  valid.  WPAFB  weather  station  pressure 
was  989  mb.  Intensity  scintillation  was  severe. 

11  May  81 

Cloudy,  foggy,  with  a  fine  mist  of  rain.  The  visibility  was  estimated  at 
2  through  4  km.  Nephelometer  readings  were  0.  15  to  0.  18.  No  forward  scatter 
meter.  WPAFB  weather  station  pressure  was  081  mb.  The  signal  stabilized  at 
beginning  of  run  but  deteriorated  at  3.  98-/um  position.  The  scan  was  continued  and 
we  repeated  the  3.  P8-/im  position  about  8  min  later  under  light  rain  conditions. 

♦Nephelometer  units  are  km~^. 


No  8-  to  14-/im  runs  were  made  because  it  began  to  rain  very  hard  at  conclusion 
of  3-  to  5-/im  run.  The  plots  show  the  3-  to  S-^m  measurements  compared  to 
LOWTRAN  5,  with  no  aerosols.  IHZ  =  0,  and  with  IHZ  =  1,  visibility  =  8  km. 

Very  little  intensity  scintillation. 

12  May  81 

Clear  to  very  clear.  The  visibility  was  estimated  at  >  50  km.  Nephelometer 
readings  0.  05  to  0.  07.  Forward  scatter  meters  not  operational.  WPAFB  weather 
station  pressure  during  runs  was  983  mb.  The  plots  show  the  3-  to  5-  and  8-  to 
14 -pm  me.isuremonts  compared  to  LOWTRAN  5  with  no  aerosols,  IHZ  =  0,  and 
with  IHZ  =  1.  visibility  =  40  km.  Intensity  scintillation  was  severe. 


19  M'  y  31 

Cloudy,  with  rain  occurring  in  the  early  morning  prior  to  runs.  The  visibility 
was  estimated  at  >  20  km  Nephelometer  readings  0  07  to  0.  09.  No  forward 
scatter  meter  data.  WPAFB  weather  station  pressure  during  runs  was  985  mb. 

All  plots  show  the  measurements  compared  to  LOWTRAN  5  with  no  aerosols. 

IHZ  =  0.  Tne  1416Z,  3-  to  5-um  plot  also  compares  the  measurements  with 
IHZ  =  1,  visibility  =  20  km.  Intensity  scintillation  was  very  weak. 


20  May  81 

San.ny  and  bright.  Tlie  visibility  was  estimated  at  >  30  km.  Nephelometer 
readings  0.03  to  0.03.  No  forward  scatter  meter  data.  WPAFB  weather  station 
pressure  during  runs  was  989  mb.  Intensity  scintillation  was  weak. 


22  May  81 

Sunny  with  haze  and/or  patchy  ground  fog.  Visibility  estimated  >  8  km. 

Tower  at  Building  620  visible  from  Trebein.  Nephelometer  readings  0.23  to  0.27. 
WPAFB  weather  station  pressure  was  990  mb.  Intensity  scintillation  was  very 
strong. 


2  7  May  81 

Solid  overcast,  haze,  some  light  drizzle.  Building  620  barely  visible  from 
Trebein.  Visibility  estimated  at  8  km.  Only  one  run  possible  because  of  rain. 
Nephelometer  readings  0.25  to  0.27.  Forward  scatter  meters  not  operational. 
WPAFB  weather  station  pressure  was  979  mb.  No  intensity  scintillation. 


54 


28  May  81 


Very  hazy,  foggy  with  light  drizzle  or  rain  during  early  runs.  Several  ob¬ 
servers  estim.ated  visibility  at  2  to  4  km  even  after  rain  ended,  no  later  than 
13:5JZ.  Nephelometer  readings  0.3  to  0.5.  No  forward  scatter  meters.  WPAFB 
weather  station  pressure  was  979  mb  at  llOOZ  and  982  mb  at  2000Z.  All  plots 
show  the  measurements  compared  to  LOWTRAN  5  with  no  aerosols,  IHZ  =  0.  The 
135fiZ  8-  to  14-,um  measurements  are  also  compared  to  LOWTRAN  5,  IHZ  =  1, 

IHZ  =  8,  and  IHZ  =  9  with  visibilities  of  4  and  3  km.  No  intensity  scintillation. 

2  June  81 

Very  hazy  and  foggy.  Transmissometer  operator  could  not  see  front  gate  at 
Trebein  when  he  arrived.  Could  not  get  any  signals  until  150DZ.  At  this  time  he 
estim.ated  visibility  a.s  4  km  at  most.  Nephelometer  readings  0.  28  to  0.  35  at 
Pole  0.  No  forward  scatter  meter  operational.  WPAFB  weather  station  pressure 
during  run  was  985  mb.  No  intensity  scintillation. 

11  June  81 

Some  haze.  Visibility  estimated  >  10  km.  Nephelometer  readings  0. 12  to 
0.20.  No  forward  scatter  meter  data.  Pressure  readings  at  Pole  0  on  weather 
summary  about  10  mb  low.  Low  to  moderate  intensity  scintillation. 

12  June  81 

Hazy,  hot,  and  humid.  Rain  showers  in  area.  3-  to  5-  and  8-  to  14-pm  runs 
were  probably  effected  by  some  drizzle  or  light  rain.  Visibility  estimated  >  10  km 
Nephelometer  readings  0.23  to  0.28.  No  forward  scatter  meter  data.  Pressure 
readings  at  Pole  0  on  weather  summary  about  10  mb  low.  Low  to  moderate  inten¬ 
sity  scintillation. 

15  June  81 

Some  haze,  hot,  and  humid.  Visibility  estimated  >  10  km.  Nephelometer 
readings  0.  14  to  0.  17.  No  forward  scatter  meter  data.  Pressure  readings  at 
Pole  0  on  weather  summary  about  10  mb  low.  Moderate  scintillation. 
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17  June  81 


Clear,  but  very  light  haze.  Visibility  estimated  >  40  km.  Nephelometer 
readings  0.  05  to  0.  08.  No  forward  scatter  meter  data.  Pressure  readings  at 
Pole  0  on  weather  summary  about  10  mb  low.  High  intensity  scintillation. 


19  June  81 

Very  heavy  haze.  Operator  at  receiver  site  said  he  could  see  Building  620  at 
times  but  estimated  visibility  as  7  to  8  km.  Observer  at  mobile  facility  on  runway 
observing  area  of  downtown  Dayton  estimated  visibility  never  got  better  than  12  km 
Nephelometer  readings  0.  30  to  0.  39.  No  forward  scatter  meter  data.  Pressure 
readings  at  Pole  0  about  10  mb  low.  Moderate  to  heavy  intensity  scintillation. 
Transmission  data  was  compared  to  LOWTRAN  5  with  IHZ  =  0,  no  aerosols,  and 
with  IHZ  =  1,  visibilities  of  8  and  12  km. 


22  June  81 

Very  clear.  Pressure  readings  at  Pole  0  about  10  mb  low.  Moderate  scin¬ 
tillation. 


23  June  81 

Very  clear.  Pressure  readings  at  Pole  0  about  10  mb  low.  Moderate  scin¬ 
tillation. 

24  June  81 

Very  clear.  Pressure  readings  at  Pole  0  about  10  mb  low.  Moderate  scin¬ 
tillation. 


30  June  81  -  No  comments. 

22  July  81 

Some  haze.  Visibility  estim.ated  as  >  10  km.  Nephelometer  readings  0.20  at 
Pole  0,  0.  10  at  th<?  mobile.  Pressure  readings  10  mb  too  low. 


23  July  81 


Clear,  visibility  estimated  as  >  20  km.  Nephelometer  readings  0.08  to  0.  10 
at  Pole  0.  Pressure  readings  10  mb  too  low. 

24  July  81  -  No  comments. 

27  July  81 

Very  foggy  and  hazy.  Visibility  estimated  at  2  to  3  km.  Pressure  readings 

10  mb  too  low.  Could  not  see  receiver  van  or  Air  Force  Museum  from  source. 
Nephelometer  readings  0.  51  to  0.  52. 

29  July  81 

Clear.  Visibility  estimated  as  >  20  km.  Pressure  readings  10  mb  too  low. 
Nephelometer  readings  0.05  to  0.07. 

4  Aug  81 

Foggy  and  hazy.  Visibility  estimated  as  7  km  for  early  runs  and  10  km  for 
later  runs.  Pressure  reading  10  mb  too  low.  Nephelometer  readings  0.34  to  0.37. 

11  Aug  81 

Some  haze.  Visibility  estimated  at  10  km.  Pressure  readings  10  mb  too  low. 
Nephelometer  readings  0.  14  to  0.  18. 

13  Aug  81 

Some  haze.  Visibility  estimated  at  10  to  15  km.  Pressure  reading  10  mb 
too  low.  Nephelometer  readings  0.19  to  0.20. 

14  .Aug  81 

Considerable  haze  and  fog.  Visibility  estimated  at  3  to  5  km.  No  weather 
support  due  to  computer  shutdown.  Temperature  and  dew  point  measurements 
taken  with  sling  psychrometer . 

17  Aug  81 

Very  clear.  Visibility  estimated  at  >  25  km.  Pressure  readings  1  mb  too 
low.  Nephelometer  readings  0.05  to  0.06. 


Appendix  C 


Water  Vapor  Continuum  (LOWTRAN  6) 


A  new  water  vapor  continuum  model  has  been  added  to  LOWTRAN  6.^^  This 

model  for  the  continuum  contribution  from  water  vapor  absorption  was  originally 

C2 

developed  by  Clough  et  al  for  use  with  the  line-by-line  transmittance  and  radi- 

C3 

ance  atmospheric  code,  FASCODE. 

For  atmospheric  applications  it  is  advantageous  to  express  the  density  de¬ 
pendence  of  the  water  vapor  continuum  absorption  in  terms  of  a  self  and  foreign 
component.  The  continuum  contribution  to  the  absorption  coefficient  k^(v  ).  is 
given  by  the  expression 

k^(i')  =  tanhihc  V /2kT) 

where  T  is  the  temperature  (°K),  v  the  wavenumber  (cm  ^),  hc/k  =  1.43879  "K/ 
cm*^  (p  Ip  )  and  (p./p  )  are  the  number  density  ratios  for  the  self  and  foreign 
continuum;  and  and  Cj,  [(cm  mol/cm  )  ]  are  wavenumber  dependent  con¬ 

tinuum  absorption  parameters  for  the  self  and  foreign  components.  The  density 
p  is  the  density  of  the  water  vapor  and  Pj.  is  the  density  of  all  other  molecular 
species;  consequently,  p^  +  pj.  represents  the  total  density.  The  quantity,  p^,  is 


The  references  cited  above  will  not  be  listed  here.  See  References,  page  62. 


T) j  Cj(i/.  T) 


(Cl) 
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the  reference  number  density  defined  at  1013  mb  and  296K.  The  present  formula¬ 
tion  in  terms  of  density  has  the  advantage  that  the  continuum  contribution  to  the 
absorption  coefficient  decreases  with  increasing  temperature  through  the  number 

density  ratio  term.  The  quantities  C  and  C,  for  water  vapor  are  stored  in  the 

®  t  _1 

program  for  the  spectral  range  0  to  20,  000  cm 

The  values  for  C  for  water  vapor  at  296K  are  shown  in  Figure  Cl  together 
®  C4-C7 

with  the  experimental  values  obtained  by  Burch  et  al.  The  strong  tempera¬ 

ture  dependence  of  the  self  density  dependent  water  vapor  continuum  is  treated  by 
storing  values  of  at  260  and  296K  and  linearly  interpolating  between  the  260  and 
296K  values.  The  260K  result  was  obtained  by  extrapolating  the  fits  to  the  338  and 
296K  data  of  Burch  et  al.  The  results  for  260  and  296K  are  shown  in  Figure  C2. 

Only  values  near  room  temperature  are  available  for  the  foreign  dependence 
of  the  water  vapor  continuum.  The  continuum  values  at  296K  are  shown  in 
Figure  C3  and  have  been  obtained  by  a  fit  to  the  data  of  Burch.  There  is  still  con¬ 
siderable  uncertainty  in  the  foreign  values  for  the  spectral  window  regions  at 
1000  and  2500  cm  \ 

In  the  LOWTRAN  code,  the  total  optic  .  depth  due  to  water  vapor  continuum 
absorption  for  an  atmospheric  slant  path  of  N  layers  is  given  by 


N  . 

E  /> 


k  (i/)ds  =  C  (V.  296) 
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where  ds  is  the  incremental  path  length,  T^  is  the  temperature  of  the  i'th  layer, 
and 


Cg  (V,  296)  =  V  tanh  (hci//2k(296))  (v,  296) 

Cg  (v,  260)  =  V  tanh  (hci'/2k(260))  {v,  260) 

Cj.  (i^,  296)  =  V  tanh  (hci//2k(296))  Cj.  {v,  296)  .  (C3) 


The  references  cited  above  will  not  be  listed  here.  See  References,  page  62. 


WAVENUMBER  (cm"') 


Figure  Cl.  The  Self  Density  Dependent  Continuum  Values,  C 
for  Water  Vapor  as  a  Function  of  Wavenumber.  The  experi¬ 
mental  values  are  from  Burch  et  al^^ 


WAVENUMBER  (cm'') 


Figure  C2.  The  Self  Density  Dependent  Continuum  Values,  £ 
for  Water  Vapor  as  a  Function  of  Wavenumber  at  260K  and  ® 
296K,  The  values  from  296K  are  fits  to  experimental  results; 
the  260K  result  is  extrapolated 
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WAVENUMBER  (cm*') 


Figure  C3,  The  Foreign  Density  Dependent  Continuum  Values. 

C^,  for  Water  Vapor  as  a  Function  of  Wavenumber.  The  ex¬ 
perimental  values  are  from  Burch  et  alC4 

Calculations  of  atmospheric  slant  path  transmittance  using  the  new  water 
vapor  continuum  absorption  coefficients  will  result  in  approximately  the  same 
attenuation  as  in  the  LOWTRAN  5  model  for  the  atmospheric  window  regions  from 
8  to  12-pm  and  3.  5  to  4.  2-pm,  However,  for  other  spectral  regions,  particularly 
from  4,5  to  5,0-pm.  significant  improvement  in  atmospheric  transmittance  calcu¬ 
lations  has  been  made  with  the  inclusion  of  the  contribution  of  continuum  absorp¬ 
tion. 
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